A HeLa cell line continuously expressing recombinant nucleoprotein (rNP) of the Crimean-Congo hemorrhagic fever virus (CCHFV) was established by transfection with an expression vector containing the cDNA of CCHFV NP (pKS336-CCHFV-NP). These cells were used as antigens for indirect immunofluorescence (IF) to detect immunoglobulin G antibodies to CCHFV. The sensitivity and specificity of this IF technique were examined by using serum samples and were compared to those of the IF technique using CCHFV-infected Vero E6 cells (authentic antigen). Staining of the CCHFV rNP expressed in HeLa cells showed a unique granular pattern similar to that of CCHFV-infected Vero E6 cells. Positive staining could easily be distinguished from a negative result. All 13 serum samples determined to be positive by using the authentic antigen were also determined to be positive by using CCHFV rNP-expressing HeLa cells (recombinant antigen). The 108 serum samples determined to be negative by using the authentic antigen were also determined to be negative by using the recombinant antigen. Thus, both the sensitivity and the specificity of this IF technique were 100% compared to the IF with authentic antigen. The novel IF technique using CCHFV rNP-expressing HeLa cells can be used not only for diagnosis of CCHF but also for epidemiological studies on CCHFV infections.
Crimean-Congo hemorrhagic fever virus (CCHFV) is a member of the genus Nairovirus in the family Bunyaviridae and is the causative agent of a severe hemorrhagic fever known as Crimean-Congo hemorrhagic fever (CCHF). The mortality rate of CCHF is as high as 50% in humans (8) . CCHFV is prevalent from Africa through to the western part of China, including Eastern European and Middle Eastern countries (9) . CCHFV is a tick-borne virus, and wild and domestic animals including sheep, cattle, goats, and ostriches are the reservoirs for zoonoses (8) . The virus can be transmitted to humans either by bites of ixodid ticks (genus Hyalomma) or by direct contact with blood and tissues from viremic livestock (6, 21, 22; J. F. Saluzzo, J. P. Digoutte, M. Cornet, D. Baudon, J. Roux, and V. Robert, Letter, Lancet i:1179, 1984). The ticks are reservoirs and vectors for livestock, wild animals, and humans. CCHFV can also be spread from CCHF patients to other persons, resulting in nosocomial outbreaks (2, 7, 20, 25) . Outbreaks of CCHF among shepherds, agricultural workers, and abattoir workers have often been reported (11, 21) ; therefore, these occupations present a high risk of infection in areas of CCHF endemicity. Because of the high mortality rate of CCHF and the person-to-person transmission, early diagnosis of suspected cases and use of appropriate barrier measures by health care workers are necessary for the prevention of nosocomial infections.
A CCHF epidemic in the United Arab Emirates was reported to have been caused by CCHFV introduced from Somalia and Nigeria through imported livestock and ticks (17) . Furthermore, it is possible that a traveler with CCHF could, during the virus's incubation period, visit areas previously known to be free of CCHF. Therefore, development of diagnostic methods for CCHFV infections is necessary even in countries hitherto free from outbreaks of CCHF.
Because of its virulence to humans, CCHFV should be handled in a high-containment laboratory. This restriction makes it difficult to prepare diagnostic methods using live CCHFV. In the present study, we developed an indirect immunofluorescence (IF) technique using HeLa cells stably expressing recombinant nucleoprotein (CCHFV rNP) to detect specific immunoglobulin G (IgG). This new IF technique is useful both for the diagnosis of CCHF and for seroepidemiological studies on CCHFV infections.
MATERIALS AND METHODS
Virus and cell lines. CCHFV (Chinese strain 66019) isolated from a patient with CCHF in the western part of the Xinjiang Autonomous Region in 1966 (26) was used in this study. The S-segment RNA gene of strain 66019 has been deposited in GenBank under accession no. AJ010648. Vero E6 and HeLa 229 cell lines were purchased from the American Type Culture Collection and used. These cells were cultured in Dulbecco's minimum essential medium (DMEM; Life Technologies, Grand Island, N.Y.) containing 5% heat-inactivated fetal bovine serum and antibiotics such as penicillin and streptomycin (DMEM-5FBS).
Sera. Twenty-five serum samples were collected from donors with or without a history of CCHF in the Xinjiang Autonomous Region (26) , an area of CCHF endemicity in the People's Republic of China. Ninety-six serum samples collected from healthy Japanese adults were used as controls. Further, a monkey (Macaca fascicularis) was immunized with purified CCHFV rNP by using an adjuvant (Inject Alum; Pierce, Rockford, Ill.), and the serum was collected and used as a positive control. The monkey serum collected before the immunization was used as a negative control.
CCHFV NP expression vector. The pKS336 expression vector was constructed from the pSV2 bsr and pEF321 ␤-T plasmids (12, 13) . A map of this vector is shown in Fig. 1 . The nucleotide sequence of the vector is available in GenBank under accession no. AF403737. The blasticidin S deaminase (bsr) gene was under the control of the simian virus 40 early promoter. The DNA of interest was under the control of the human elongation factor-1␣ (HEF-1␣) gene promoter.
The cDNA encoding the nucleoprotein (NP) was amplified by reverse transcription-PCR from the cDNA of the S segment of the Chinese CCHFV strain 8402 (accession no. AJ010649), with the designed primer set CCHF F/Bam (5Ј-GT GCT GGA TCC ATG GAG AAT AAA ATC-3Ј) and CCHF R/Bam (5Ј-C GGA TCC TCA GAT GAT GTT GGC AC-3Ј), in order to add the BamHI restriction site (underlined) to both ends. PCR conditions were as follows: 5 cycles of denaturing at 94°C for 40 s, annealing at 40°C for 30 s, annealing at 50°C for 30 s, and extension at 72°C for 2 min; 15 cycles of denaturing at 94°C for 40 s, annealing at 55°C for 30 s, and extension at 72°C for 2 min; and an additional extension at 72°C for 5 min. The PCR product was purified, digested with BamHI, and subcloned into the BamHI site of the pKS336 vector (Fig. 1) . The CCHFV NP gene inserted into pKS336 (pKS336-CCHFV-NP) was confirmed to be in the correct orientation to the promoter, sequenced by using appropriate primers with an ABI PRISM 310 Genetic Analyzer (Perkin-Elmer Applied Biosystems, Foster City, Calif.), and confirmed to be identical to the original sequence.
Transfection. HeLa cells were transfected with pKS336-CCHFV-NP using the FuGENE 6 Transfection reagent (Roche Diagnostics, Mannheim, Germany) according to the manufacturer's instructions. The cells transfected with the plasmid were selected with 3 g of blasticidin S-hydrochloride/ml in DMEM-5FBS. HeLa cell clones were analyzed for expression of CCHFV rNP by indirect IF using the monkey serum raised against CCHFV rNP. Cells expressing CCHFV rNP were subcloned and used as IF antigens.
Antigens. Vero E6 cells either infected with CCHFV (strain 66019) or mock infected were cultured for 4 days. CCHFV-and mock-infected cells were then harvested by trypsinization and washed with phosphate-buffered saline (PBS). The cells were spotted onto 14-well HT-coated slide glasses (AR Brown Co., Ltd., Tokyo, Japan) and fixed with acetone at room temperature for 5 min. CCHFV antigen-negative slides were prepared as a negative control for IF antigen. IF antigen slides were stored at Ϫ70°C until use. These IF antigens (CCHFV slides) were used as the authentic CCHFV antigens. CCHFV slides were prepared according to the regulations of the Institute of Epidemiology and Microbiology, Chinese Academy of Preventive Medicine.
Recombinant IF antigens were prepared as follows. HeLa cells expressing CCHFV rNP were mixed with parent HeLa cells at a ratio of 1:3 and washed with PBS. The cells were then spotted onto 14-well slide glasses, air dried, and fixed with acetone at room temperature for 5 min. CCHFV rNP slides were stored at Ϫ70°C until use. Antigen-negative slides were prepared similarly by using HeLa cells and were used as the control antigen for the IF test. These IF slides were thawed and dried immediately prior to use.
IF test. Human serum samples and monkey control serum samples were twofold serially diluted from 1:20 to 1:1,280 and placed on both CCHFV slides and CCHFV rNP slides. The slides were incubated under humidified conditions at 37°C for 1 h. After the slides were washed with PBS, the antigens on the slides were treated with fluorescein isothiocyanate (FITC)-conjugated goat anti-human IgG antibody (Zymed Laboratories, San Francisco, Calif.) at a dilution of 1:70. The FITC-conjugated anti-human IgG antibody was used not only for the human serum samples but also for the monkey control sera. After another wash with PBS, the slides were examined for staining patterns under a fluorescent microscope (Olympus, Tokyo, Japan) with an appropriate barrier and excitation filters for FITC visualization. CCHFV antibody-positive and -negative controls were included in each assay. The titers of tested samples were recorded as the reciprocals of the highest dilutions producing positive staining.
Statistical analysis. The differences in the antibody titers determined by the IF techniques using authentic and recombinant antigens were compared by the Wilcoxon signed-rank test. The relationship between the antibody titers determined by these two methods was evaluated by Spearman's rank correlation coefficient.
RESULTS

Immunofluorescence of CCHFV rNP-expressing HeLa cells.
Positive-control monkey sera showed IF staining as a granular pattern, while negative-control sera showed no specific staining (data not shown). The antibody titers of the positive-control monkey serum determined by the IF techniques with recombinant and authentic antigens were both 160. Positive IF staining of CCHFV rNP antigens expressed in HeLa cells with a single CCHF patient serum sample is shown in Fig. 2a . CCHFV rNP was stained as granular aggregates (Fig. 2a) , while control cells showed no staining (data not shown). The staining pattern of authentic virus antigens in Vero E6 cells with the same human serum sample was similar to that of CCHFV rNP in HeLa cells (Fig. 2b) , while control cells failed to show any specific staining (data not shown).
Sensitivity and specificity of IF staining of CCHFV rNP in human serum samples. The sensitivity and specificity of the IF technique using CCHFV rNP slides were evaluated in comparison with those of the IF technique using authentic CCHFV antigens. Thirteen of 25 serum samples collected in an area of CCHF endemicity in the Xinjiang Autonomous Region showed a positive reaction to the IF technique using authentic CCHFV slides, while 12 serum samples showed a negative reaction. Ninety-six Japanese serum samples were also determined to be negative for CCHFV. All 13 serum samples determined to be CCHFV IgG antibody positive with authentic CCHFV slides also showed a positive reaction with CCHFV rNP slides. Furthermore, all 108 serum samples (comprising 12 Chinese and 96 Japanese samples) determined to be CCHFV IgG negative with the authentic CCHFV slides also showed a negative reaction with CCHFV rNP slides. These results indicate that both the sensitivity and the specificity of the IF technique using CCHFV rNP slides were 100%, compared to the IF technique using CCHFV slides.
The titers determined by the IF technique with CCHFV rNP (Fig. 3) . The titers determined using CCHFV rNP slides were statistically significant at the same level as those determined using CCHFV slides (P ϭ 0.07).
DISCUSSION
We established a HeLa cell line continuously expressing CCHFV rNP by using a novel vector, pKS336. The cells expressed CCHFV rNP in the cytoplasm in granular aggregate form, which was indistinguishable from that of CCHFV-infected Vero E6 cells (Fig. 2) . The IF technique using these CCHFV rNP-expressing cells was highly sensitive and specific for the detection of IgG antibodies to CCHFV.
CCHFV-infected cells, e.g., Vero cells, or mouse brain cells have been mainly used as antigens for the detection of IgG to CCHFV (1, 5, 10, 16, 24) . In one study, a CCHFV rNP was used for the detection of IgG antibodies to CCHFV (15) . The investigators used CCHFV rNP derived from a European strain of CCHFV (AP92; GenBank accession no. U04958) as an antigen for an enzyme-linked immunosorbent assay (ELISA) and proved that CCHFV rNP was efficacious in detecting CCHFV antibodies in the ELISA. The amino acid homology of CCHFV rNP from strain 8401 with that from strain AP92 was 91.9%. It was revealed that the antibodies to Dugbe and Hazara viruses, related nairoviruses, did not crossreact with CCHFV rNP in the ELISA (15) . Therefore, CCHFV rNP in HeLa cells seemed not to cross-react with the antibodies to these viruses in IF, although further study is needed. The sensitivity and/or specificity of the ELISA using CCHFV rNP was not evaluated in that report (15) . In this paper, we confirmed the efficacy of CCHFV rNP as an antigen and also clarified the sensitivity and specificity of the IF with CCHFV rNP in comparison to the IF with authentic CCHFV antigen in detecting specific CCHFV antibodies.
It has been reported that IgG antibodies to CCHFV can be detected within 9 days in all patients with CCHF (3). IgG 3 . Relationship between the titers of IgG antibody to CCHFV determined by IF using CCHFV slides and those determined by IF using CCHFV rNP slides. Serum from the monkey, which was immunized with the purified CCHFV rNP, was also tested by IF using authentic and recombinant antigens. The titers of the positive-control monkey serum sample (E) and the 13 CCHFV antibody-positive human serum samples (F) were plotted. Each data point represents one serum sample.
antibodies to CCHFV were also demonstrated by the IF method within 8 days for two CCHF patients who were not treated with anti-CCHFV serum (19) . The IgG and IgM antibodies to CCHFV were not detected in sera from patients with CCHF within the first 3 days from onset (3) . Based on these results, we can diagnose a patient as having CCHF by detecting a significant rise in the titers of IgG antibody to CCHFV in serum samples obtained on the 9th day or later and within the first 3 days from onset. However, the IgG antibody response was weak or was not detected in fatal CCHF cases (3, 19) . In this regard, antigen detection (14, 23) , virus isolation, and reverse transcription-PCR (4, 17, 18) are also necessary for the rapid and accurate diagnosis of CCHF.
In summary, we established an efficacious IF technique using HeLa cells expressing CCHFV rNP for the diagnosis of CCHF and for seroepidemiological studies on CCHFV infections.
